A study of a variety of bulky storage organs and fruits reveals that fresh slices fall into two categories with respect to their sensitivity to CN. Fresh slices in the first class are CN-sensitive, whereas slices of the second class are resistant to, and often stimulated by, CN alous (17). Their CN sensitivity has been attributed to the loss of the alternative path (27) due to extensive membrane lipid destruction initiated by slicing. Furthermore, regeneration of the CNresistant pathway, and the burgeoning of glycolysis and the tricarboxylic acid cycle (12, 14) in aged potato slices were viewed as the result of specific membrane biosynthesis (33, 34) . The question arises whether these physiological transitions are ubiquitous in tissue slices or unique to the potato slice.
Through the years, potato slices have become the prototypical bulky storage organ for slice physiology studies. Consequently, generalizations drawn from potato slice studies have usually served as a reference for studies of other tissue slices. However, the respiration of fresh potato slices has been shown to be anom-'This work was supported by Grant GM 19807 alous (17) . Their CN sensitivity has been attributed to the loss of the alternative path (27) due to extensive membrane lipid destruction initiated by slicing. Furthermore, regeneration of the CNresistant pathway, and the burgeoning of glycolysis and the tricarboxylic acid cycle (12, 14) in aged potato slices were viewed as the result of specific membrane biosynthesis (33, 34) . The question arises whether these physiological transitions are ubiquitous in tissue slices or unique to the potato slice.
Here, tissue slices from a variety of bulky storage organs and fruits were examined to determine whether slicing in general initiates a burst of lipolytic activity analogous to that found in potato and how slicing affects CN resistance and the utilization of exogenous glucose. The contribution of the alternative path of the wound and wound-induced respiration was estimated (2, 28, 29) , as well as its magnitude, to establish the extent of its participation.
MATERIALS AND METHODS

PLANT MATERIAL
Potato tubers (Solanum tuberosum var. Russet) were grown by the Department of Vegetable Crops, University of California, Davis, and kindly provided by Professor Herman Timm. Potato tubers (S. tuberosum var. Desiree) were the gift of Professor T. Galliard of the Food Research Institute, Colney Lane, Norwich, England. Tubers were stored at 7 C and 90% RH. Avocado fruits (Persea americana Mill. var. Hass) were collected from a private orchard in Los Angeles. Untreated banana fruits (Musa cavendishii Lambert var. Valery) were shipped from Central America and obtained immediately upon off-loading.
The following storage organs were purchased from local markets and used immediately: sweet potato (Ipomea batatas), parsnip (Pastinaca sativa), carrot (Daucus carota), rutabaga (Brassica napobrassica), turnip (Brassica rata), radish (Rhaphanus sativus), Jerusalem artichoke (Helianthus tuberosus), red beet (Beta vulgaris), jicama (Pachyrrhizus erosus), horseradish (Rorippa armoracia), Daikon radish (Rhaphanus sativus), and ginger (Zingiber Slices 1 mm thick were cut into ice water, rinsed with distilled H20 and either used promptly as fresh slices or set to age on a rotary shaker in 0.1 mm CaSO4 solution in Erlenmeyer flasks at 25 C (28).
RESPIRATORY MEASUREMENTS
Respiration was measured by conventional manometry at 25 C as previously described (28 were cut directly into boiling ethanol and boiled for 5 min. For slices, fresh slices I mm thick (20 g fresh weight) were prepared from the same organ and, 2 h after slicing, were boiled in ethanol for 5 min previous to lipid extraction.
Lipid Extraction. The ethanolic extraction extract was collected, and the tissue was homogenized in 3 volumes chloroform-methanol (2:1, v/v) in a VirTis blender for 10 min at room temperature. After filtration of the homogenate under vacuum, the residue was washed with 300 ml chloroform-methanol and rehomogenized in 2 volumes chloroform-methanol. The chloroform-methanol filtrates were combined with the ethanolic extract and were taken to dryness by rotary evaporation at 35 C. The crude lipid extract was washed according to Bligh et al. (6) and Folch et al. (9) . The lipidcontaining chloroform phase was evaporated to dryness and the residue was dissolved in benzene-ethanol (4:1, v/v) (I 1). Aliquots of the lipid solution were taken for total lipid phosphorus assay (4) and for total fatty acid analysis by GLC (22) .
The methyl esters were separated on a prepacked stainless steel column (1.83 m x 0.64 cm) containing 15% HI-EFF-2BP ethylene glycol succinate on 80-to 100-mesh Chromosorb W (AW) (Applied Science Labs., Inc.). The absolute amount of each fatty acid relative to methyl palmitate was calculated from the area of the peak divided by the relative detector response for each component. (5) .
BIOCHEMICALS
The fatty acid composition of members of the two groups is set out in Table II (Table IV) is subtracted from the CN-resistant values in Table III , the distinction between the two groups is further magnified. In the CN-sensitive group, the CLAM-sensitive alternative path is essentially absent in fresh slices, whereas, in the CN-resistant group, fresh slices are characterized by a readily demonstrable alternative path (Table IV) Table IV) . Effect of Uncouplers on Fresh Slice Respiration. Table V shows the effect of CCCP on the respiration of fresh slices from the CNsensitive and -resistant groups. Aging increases fresh slice respiration 2-to 5-fold to yield the wound-induced respiration. A comparison of coupled aged slice respiration with uncoupled fresh slice respiration reveals that, except for potato, the wound-induced respiration utilizes but 50 to 70%o of the respiratory capacity of fresh tissue slices. Together with the observation that slicing per se evokes a respiration rate 3 to 10 times that of the parent organ, this comparison suggests a re-examination of the view that the wound-induced respiration depends upon de novo synthesis of additional respiratory units, viz. the mitochondria (1). It seems that aging activates and utilizes pre-existing respiratory capacity without the biogenesis of new mitochondria (28, 29) .
Imidazole Inhibition of Uncoupler-stimulated Respiration of Fresh Tissue Slices. Since uncoupler stimulates the respiration of both groups of tissue slices (Table V) , stimulation is seemingly independent of lipid degradation in fresh tissue slices. Nevertheless, the evidence suggests (16) that the uncoupled respiration of fresh potato slices, where lipid destruction is extensive, is not tricarboxylic acid cycle-related but, rather, represents a-oxidation oflong-chain fatty acids. This conclusion has been based primarily on the observation that imidazole, a specific inhibitor of fatty acid a-oxidase (17) , inhibits the uncoupled respiration in fresh potato slices. To determine whether the above conclusion, drawn from potato slices, holds in general for tissue slices that suffer extensive lipid destruction, the effect of imidazole was tested on the uncoupled respiration of a variety of fresh CN-sensitive slices. Where lipid degradation is not evident, viz. in CN-resistant fresh slices, imidazole is expected to be without effect. The manifestation of fatty acid a-oxidase activity, as well as the inability of fresh potato slices to oxidize exogenous glycolytic and tricarboxylic acid cycle intermediates, has been attributed to the inhibition of glycolysis and the tricarboxylic acid cycle by free in the other group, CN resistance survives slicing. Where CN resistance persists in fresh slices, there is no measurable lipid breakdown, whereas, where CN resistance is lost, lipid destruction is demonstrable. Since it is phospho-and galactolipid that disappears, there is every reason to assume that it is membrane lipid that is being degraded. Considering that the location of the alternative path is in the mitochondria (8, 31) , it may be deduced that some alteration in one or more mitochondrial membrane lipids leads to the inactivation of the alternative path (10, 27, 32) .
The absence of lipid breakdown in CN-resistant fresh slices might be due to the absence of lipolytic enzymes, to the presence of an acyl-hydrolase inhibitor, or to the unsusceptibility, for whatever reason, of membrane lipoprotein to lipid acyl-hydrolase
action. An effective acyl-hydrolase inhibitor has been discovered in carrot tissue, where there is no lipid destruction in crude homogenates or in tissue slices (ref. 30 ; cf. Table I ). Carrot acylhydrolase inhibitor is a heat-labile protein of mol wt greater than 10,000 that inhibits isolated potato and yeast lipid acyl-hydrolases as well as lipolysis in potato homogenates (cf. refs. 24 and 25) . The physiological effects of lipid degradation in CN-sensitive fresh slices are reasonably to be attributed to the breakdown of membrane phospho-and galactolipids. The presence ofsignificant levels of triglycerides in CN-resistant tissues raises the possibility of a protective or sparing action of the latter on phospho-and galactolipid destruction.
SLICE AGING AND CN RESISTANCE
It has been axiomatic that the development of the alternative path is co-extensive with that of the wound-induced respiration (12, 15, 18, 23) . The study presented here shows that the above relationship is not invariable. CN resistance develops with aging only in initially sensitive slices. In initially resistant slices, the induced increment is CN-sensitive, V.jt either remaining the same or dropping. Whether fresh slices are CN-sensitive or -resistant, respiration is enhanced with slice aging. The induced respiration in all cases represents a basic enhancement of respiratory activity. If the lesion in the alternative path is remedied during aging, the CN-resistant respiration, when quantitatively equal to the induced respiration as in potato, seemingly comprises the induced increment. In fact, in the absence of CN, respiration proceeds through the Cyt path. The CN sensitivity perceived in aged slices initially resistant to CN is attributed to a decrease of Vait and a simultaneous increase in respiratory flux with aging. Since V,,t is greater than Vait in such aged slices, CN inhibition is observed. In all tissues, fresh slice respiration is mediated exclusively via the Cyt path since p = 0. In CN-sensitive slices, this is to be expected since V,dt is zero. However, p remains zero in CN-resistant fresh slices despite the fact that Vait often exceeds Vyt. In aged slices of the CN-sensitive group, p frequently remains zero, whereas p often is 1 or nearly 1 in aged slices of the initially CN-resistant group. In such cases, the Cyt and alternative paths operate simultaneously. The engagement of the alternative path reflects the inability of the Cyt path to accommodate the total enhanced flux due to aging. Maximal Kyt values (measured in the presence of uncoupler) in fresh and aged potato slices are approximately the same (28, 29) . Accordingly, the elevated observable Cyt-mediated rates of aged slices are not to be attributed to the de novo synthesis of Cyt components and, hence, of mitochondria. Rather, aging involves the expression of existing respiratory capacity, i.e. aging entails substrate mobilization. When substrate mobilization exceeds the capacity of the Cyt path in aged slices, the engagement of the alternative path is observed. In some tissues, this occurs only in the presence of uncoupler (28, 29) . Altogether, the data support Bahr and Bonner (2, 3) in the view that the level of traffic in the Cyt chain controls the operation of the alternative path.
Are CN-resistant Fresh Slices Physiologically Similar to Aged, Induced, CN-resistant Slices? Because of the compelling correlation between measurable lipid breakdown and the loss of CN resistance which attends cutting in many bulky storage organs, it might be expected that fresh CN-resistant slices would resemble aged CN-resistant slices derived from initially sensitive fresh slices. Such is not the case. As pointed out, all fresh slices, from whatever source, fail to utilize exogenous substrates. When slices of any sort are aged in cerulenin, an inhibitor of fatty acid synthesis (34), the normally developed ability to utilize exogenous substrate is absent, as is the induced respiration. The invariable dependence on aging in this connection, together with the cerulenin sensitivity of the process, suggest effective localized lipid degradation in CN-resistant fresh slices, albeit below the level of reliable measurement. In this view, the cycloheximide-and actinomycin-indifferent scavenging of free fatty acids with time relieves carbon path inhibition. Appropriately, potato slice aging in imidazole prevents the development of the induced respiration (S. D. Grover, unpublished). As scavenging proceeds, over-all cerulenin-sensitive phospholipid synthesis regenerates critical membrane components, which may bear upon the integrity of glucose and organic acid transporters. The result is perceived in the ability of slices to use exogenous substrate with or without the wound-induced respiration. The respiration of sweet potato slices held in cerulenin for 24 h stays steady, implying no dearth of substrate. There is not a sufficient drop in lipid content to sustain the noted respiration rate through 1 day, and it must be deduced that carbohydrate is the primary substrate. Thus, the persisting inability to utilize exogenous substrate implicates transport impairment, a proposition reinforced by the observed ability of banana slices to oxidize exogenous acetate at the same time that they fail to oxidize exogenous glucose or citrate (20) . The augmentation of metabolic flux, on the other hand, the very basis of the wound-induced respiration, depends on RNA and protein synthesis-as does repair of the lesion in the alternative path-and accordingly is inhibited by actinomycin cycloheximide (7) .
Effect of Uncouplers on Fresh Tissue Slices. Low levels of free fatty acids have been shown to inhibit the mitochondrial ADP/ ATP translocator, thus limiting electron transport much as would oligomycin (35) . The stimulatory effect of CCCP on fresh potato slice respiration has been attributed by us to a release of such an oligomycin-like inhibition of oxidative phosphorylation by free fatty acids. A similar explanation may apply to tissues such as turnip and rutabaga, for example, where free fatty acids are released by cutting. The basis of uncoupler stimulation of fresh CN-resistant slices is more problematical, since measurable lipid breakdown is absent in these tissues. Nevertheless, as suggested above, lipid breakdown, although diminished, may be localized and thereby highly effective, with the ensuing free fatty acid levels high enough to affect carbon path metabolism and phosphorylation but not high enough to disrupt the alternative path.
The respiration of intact bulky storage organs is normally suppressed. First, fresh slice respiration is 3 to 10 times that of the intact organ, and is elevated another 2 to 4 times by uncouplers.
Second, cyanide stimulates intact organ respiration manyfold (26) .
Thus the alternative path as well as the Cyt path is under profound restraint in the intact organ.
Why then is the respiration of intact organs so low? The capacity for very much higher rates is there. 02 tension appears not to be at issue, since the oxygen tension in the potato tuber is well above the Km02 for Cyt oxidase, and higher external 02 tensions fail to raise the respiration (19) . Endogenous volatiles (21) have yet to be ruled out as a regulatory parameter, despite the absence of convincing evidence of their involvement. The trigger for the wound and wound-induced respiration in thin slices of bulky organs remains to be elucidated.
